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Abstract 
We proposed the indoor event detection system with signal subspace spanned by eigenvector for office or home security. The 
system monitors a whole room or home with only a pair of transmitter and receiver. The receiver uses an antenna array. We 
monitor events based on not received signal strength that is susceptible to noise but signal subspace spanned by eigenvector that 
is inherent to its environment. When an event (e.g. a person intrudes into a house) occurs, the propagation environment changes, 
and thus the signal subspace changes. Monitoring this change, we detect an event. The change of eigenvector tells us whether a 
person is in motion or remains motionless. We reported the principle of our security system and some fundamental detection 
performance of the system using dipole antennas arranged linearly or circularly as the receiver, although they are not necessarily 
arranged regularly. In this paper, we report various experimental detection results of the proposed security system using patch 
antennas set up on a box at the receiver such as intrusion, baggage stolen and the effect of outside of the room. Moreover, we 
evaluate the detection performance of the eigenvalue-based security system. We show that the eigenvalue-based security system 
can detect some events that the eigenvector-based security system cannot. Then we show that depending on application demands, 
using both the eigenvector and the eigenvalue for the security system is a promising technique. 
© 2009 Published by Elsevier Ltd. 
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1. Introduction 
Recently, people have a great deal of interest in security systems such as an intruder detection and event detection 
at home or office because of crime prevention. Conventional methods use infrared sensors or video cameras for the 
detection. The infrared sensors detect an intruder via a few infrared rays that are emitted by human body. The video 
cameras detect an intruder via image processing technologies that extract an event from the input image and that 
identify whether the extracted event corresponds to an intruder or not. However, the information obtained from one 
sensor or camera is local, and then many sensors or cameras are required to observe a wide range. In addition, the 
sensors often detect the undesired events such as an insect, and visual monitoring with the cameras may cause 
invasion of privacy or leak of information. 
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Because of the above problems, some event detection systems using radio waves such as VHF-FM or UHF-TV 
broadcasting waves and ultra-wideband impulse radio (UWB-IR) are reported (by Nishi et al, 2006; Terasaka et al, 
2007). These systems can detect a wide range with only a pair of transmitter and receiver, because radio waves 
propagate a whole room by indoor reflections and diffractions. The event is detected via the changes of received 
signal strength (RSS) of radio waves. However, RSS changes over time owing to fading and noise even in a static 
state, and then the detection performance is not so good. 
We have proposed an event detection system using the signal subspace spanned by eigenvector (Ikeda et al, 
2008). This system uses antenna array as receiver to obtain direction of arrivals (DOAs) of incident signals (i.e. the 
signal subspace spanned by eigenvector). It is based on not RSSs but DOAs. The subspace changes only when the 
indoor environment of interest changes intermittently, and statically or dynamically because the array signal 
processing removes the effects of fading and noise. We reported the principle of our security system and some 
fundamental detection performance of the system using dipole antennas arranged linearly or circularly as the 
receiver, although they are not necessarily arranged regularly. 
In this paper, we report various experimental detection results of the proposed security system using patch 
antennas set up on a box at the receiver such as intrusion, baggage stolen and the effect of outside of the room. 
Moreover, we evaluate the detection performance of the eigenvalue-based security system. We show that the 
eigenvalue-based security system can detect some events that the eigenvector-based security system cannot. 
Section 2 reviews the fundamental array signal processing and section 3 presents the event detection system 
using the signal subspace spanned by eigenvector. We show the experimental results in section 4 and conclude our 
paper in section 5.  
2. Array Signal Processing 
2.1. Array data model 
We assume that the noise n(t) is additive white Gaussian noise (AWGN) and a source s(t) is sufficiently far from 
the receiver, referred to as the far field model, then the signal arrives as plane wave. The received signal vector x(t) 
arriving at time t from direction ( ),IT
)()(),()( ttst nax  IT
 is described as follows. 
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where Q  is the signal wavelength. For indoor environment, the receiver receives not only direct path, but also 
multipath including reflection and diffraction. Then, the received signal vector x(t) is rewritten by 
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where M is the number of arriving signals and iD  includes the delay and strength of ith multpath signal. a  is a new 
steering vector composed of a linear combination of each signal steering vector, and depends on direction, power 
and phase. The correlation matrix of received signals whose size is LL  are estimated by  
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where [  is Hermitian transpose operator and N is the number of snapshots. The more the number of snapshots is, 
the more accurate R  is. 
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Figure 1. 3 dimensional array data model 
2.2.  Subspace method 
 The subspace method analyzes the radio wave propagation by focusing on the property of eigenvectors and 
eigenvalues obtained by the eigenvalue decomposition (EVD) of correlation matrix of received signals. The 
correlation matrix is divided into signal subspace and noise subspace, and both subspaces are orthogonal. In this 
model, the signal subspace spanned by eigenvector is proportional to ac . 
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where  means a diagonal matrix. i}{diag  O  and i  are the eigenvalue and eigenvector, respectively. If all 
eigenvalues are sorted as L21 , the first eigenvector corresponding to the maximum eigenvalue 
naturally spans signal subspace because signal eigenvalues are larger than noise eigenvalues. Then, we use the first 
eigenvector and first eigenvalue as cost function of event detection.  
v
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3. Event Detection System 
v )8()},(...,),,({span 111 MM ITIT aa 
3.1. Signal subspace 
If both a transmitter and a receiver are fixed, the subspace does not change unless the environment of interest 
space changes. In section 2, we discussed the signal subspace spanned by eigenvector obtained by EVD of 
correlation matrix. Then signal subspace spanned by eigenvector is composed of linear combination of the multipath 
steering vectors, and described as 
 
 
where span {  means a linear combination of vectors in {} } . 
3.2. Cost function based on first eigenvector 
 We define the cost function used for event detection as 
174  Shun Kawakami et al. / Procedia Social and Behavioral Sciences 2 (2010) 171–178 
 )9()()( ob
H
novec ttP vv  
where vno is the reference eigenvector obtained when no event occurs and vob(t) is the eigenvector obtained when we 
observe the environment of interest. Both vectors are normalized to 1. Then, Pvec(t) is close to 1 because vob(t) is 
close to vno when no event occurs, and lower than 1 when some events occur. 
3.3. Cost function based on first eigenvalue 
 In this paper, we consider not only the cost function based on eigenvector but also that based on eigenvalue. The 
eigenvector and the eigenvalue correspond to DOA and RSS, respectively. Then the eigenvector is not affected by 
fading and noise, but also remove the effect of small event (e.g. an intruder approaching the room). By contrast, the 
eigenvalue is affected by fading, noise and the small event. We define a new cost function based on eigenvalue as  
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where noO , ob )(tO  are the first eigenvalues corresponding to vno, vob(t), respectively. Like Pvec(t), Pval(t) is close to 1 
when no event occurs, and lower than 1 when an event occurs. 
4. Experimental Results 
4.1. Experimental environment 
The room used for experiment is surrounded by concrete walls and glass walls, and its size is 6.56.52.5 m3.  
The transmitter and the receiver are fixed in non-line-of-sight (NLOS) through a whiteboard as Figure 2. The 
experimental parameters are listed in Table 1. In evaluation, we use 4-, 6-, or 8-elements out of 8-elements cubic 
array that the receiver has. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. The room used for experiment 1 and 2 
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4.2. Experiment 1: Detection of the person intruding, stopping or moving 
Figure 3 shows experimental results for the person intruding, stopping, or moving. In this experiment, the person 
opens a door and intrudes, and passes through A, B, C, and goes through the door as Root 1 of Figure 2. The person 
stops for 20 seconds at any point A, B, C.  
The cost function Pvec(t) changes significantly when the door opens. Pvec(t) also fluctuates significantly when the 
person moves and fluctuates moderately when the person stops. As a result, we can easily detect the person 
intruding, stopping or moving. Moreover, we can see that four elements are enough to detect static or dynamic state, 
and then the receiver is more simplified.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Detection performance of person actions 
4.3. Experiment 2: Detection of baggage stolen 
Figure 4 shows experimental results for the baggage stolen. The baggage is a cardboard box whose size is 15 X 
15 X 10 cm3. In this experiment, the person opens the door and steals the baggage set on D as Root 2 of Figure 2.  
Pvec(t) does not fluctuate while no event occurs whether there is the baggage or not, however Pvec(t) after the 
baggage stolen is different from Pvec(t) before the baggage stolen. This is because the environment in the room (i.e. 
radio propagation) changes owing to the baggage stolen.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Detection performance of baggage stolen 
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4.4. Experiment 3: Detection of the intruder approaching the room 
For security system, we want to detect events outside the room in some cases and ignore those in other cases. We 
make an experiment for detecting the person walking in the hallway as Root 3 of Figure 5. In this experiment, 
transmitter is located at hallway side of the room. The experimental parameters are same as in previous experiments 
listed in Table 1. As shown in Figure 6, Pvec(t) does not change when the event occurs outside the room. Though 
radio waves go into the room through the glass walls, the dominant propagation that the array antenna (receiver) 
detects is reflection inside the room. Pvec(t) mainly captures radio propagation inside the room in this experiment. By 
contrast, we can detect the person walking in the hallway by using Pval(t). Although Pval(t) is not so good to detect 
events occurring inside the room because of the fluctuation even in static state as shown in Figures 7 and 8, it is 
better than Pval(t) to detect those outside the room. This experimental result shows that we had better use Pvec(t) 
or/and Pval(t) according to applications of interest. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. The room used for experiment 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. The detection performance of the intruder approaching the room 
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Figure 7. Comparison of Pvec(t) and Pval(t) for detection performance of person actions 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Comparison of Pvec(t) and Pval(t) for detection performance of baggage stolen 
 
5. Conclusion 
This paper has described the detection performance of security system using radio waves based on space-time 
signal processing. Received radio waves are divided into eigenvectors and eigenvalues by EVD. The change of 
eigenvector tells us whether a person is in motion or remains motionless. We reported various experimental 
detection results of the proposed security system such as intrusion, baggage stolen and the effect of outside of the 
room. As a result, it is shown that the system can detect the events with patch antennas set up on a box, not regularly, 
as same as dipole antennas arranged linearly or circularly. Moreover, we evaluated the detection performance of the 
eigenvalue-based security system. We showed that the eigenvalue-based security system can detect some events that 
the eigenvector-based security system cannot. Then we showed that depending on application demands, using both 
the eigenvector and the eigenvalue for the security system is a promising technique. 
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